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Humanized C-erbB-2 specific antibodies 

Field of the Invention 

The present invention related to the field of molecular biology in general, 
and the Held of chimeric immunoglobulins in particular. 

5 Background 

The present invention relates to altered inmiunoglobulin molecules in which 
at least part of the complementarity determining regions in the light or heavy chain 
variable domains have been r^laced by analogous, complementarity determining 
region(s) from a murine antibody specific for c-erbB-2. 

10 The c-erb-2 (HER-2) oncogene may be expressed in human breast 

carcinoma cells but is either not expressed, or expressed at much lower levels, in 
non-cancerous cells. It is thus of interest to provide antibodies specific for the erb 
encoded protein. Antibodies specific for this protein may be used to assay for the 
presence of cells e^ressing the ^ encoded protein, or may be applied to patients 

IS so as to specificaUy bind to carcinoma ceUs either for diagnostic, imaging or 
ther^)eutic purposes. 

It is of interest to produce monoclonal antibodies specific for antigens that 
are expressed in much higher amounts in mmors, such as Monoclonal 
antibodies have numerous advantages over polyclonal antibody preparations to the 

20 same antigen. These advantages include higher specificity and the ability to 
rq}roducibly generate large quantities of the antibody of interest. Since most 
monoclonal antibodies are of murine or non-human origin, their administration 
into human patiraits is a significant problem. Introduction of non-human 
antibodies into human patimts may have a variety of adverse dfects. Such 

25 adverse effects include the developmrat of an antibody response directed to many 
portions of the administered monoclonal antibody, such as HAMA (human anti- 
mouse antibody). Additionally, the antibody may fail to interact with other 
portions of the human immune system, e.g., a murine antibody Fc region may not 
interaa with human Fc recqnors. thus resulting in the absence of the desired 



wo 93/2131? 



PCT/US93/03080 



immune response to cells displaying the antigen of interest, or may fail to activate 
complement. Attempts to produce human monoclonal antibodies specific for 
antigens of interest have proven to be difficult for several reasons, including the 
lack of good fusion partners for human cells,^ ethical probl^s associated with 

5 inmiunizing human patients to obtain lymphocytes, as well as difficulty in 

obtaining human lymphocyte donors^ Because of the difficulties associated with 
obtaining human antibodies specific for the desired antigen, it is of interest to 
provide for "humanized" murine antibody specific for the antigen, i.e», an 
antibody that contains primarily human amino acid sequences and some of the 

10 variable region sequence of a conventional murine antibody specific for the de$ired> 
antigen. 

Humanized antibodies (or more generally, humanized immunoglobulins) 
have at least three potential advantages over murine antibodies for use in human 
ther^y. 

15 Because the constant region portion is human, a humanized antibody may 

interact better with other parts of the human immune system (e.g. , de^roy the 

target cells more efficiently by complement dq)endant (^toxicity or antibody- 

dq)endent cellular cytotoxicity). 

The human immune system should not recognize the humanized portions of 
20 the humanized immunoglobulin as foreign, and therrfore the immune response 

against an injected humanized immunoglobulin should be less than the immune 

response against an injected totally murine immunoglobulin. 

Bijected murine antibodies have been rqx)rted to have a half-life in the 

human circulation much shorter than the half-life of human antibodies (Shaw, ^ 
25 al., J, TTnginni^T,, 138:4534-4538 (1987)). It is possible that injected hnm^nW^^ 

inmiunoglobulins will have a half life more like that of human immunoglobulins, 

thus allowmg smaller and less frequent doses of therapeutic immunoglobulins to be 

administered to the body with the same or b^ter outcome. 

Numerous attempts have been made to circumvrat the problfflis associated 
30 with administering non-human monoclonal antibodies to humans by modifying 

non-hunian antibodies so as to replace rK)n-fauman sequences with amino acid 
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sequence derived from human antibodies. Several publications, patents and patent 
applications disclose humanized antibodies and methods, for their production by 
recombinant DNA technology. See for example, European Patent Application 
EPA-0-239-400, Recombinant Antibodies and Mediods for Their Production; PCX 
5 Application WO89/09622, IL-2 Receptor-Specific Chimeric Antibodies; European 
Patent Application EPA 0-338-745, M^od for Producing Recombinant DNA 
Proteins; and European Patent Application EPA 0-332-424, Chimeric Antibodies 
Directed Against Human Caicinoembryonic Antigen. Typically, murine 
monoclonal antibodies are raised against an antigen of interest, the 
10 inununoglobulin genes encoding the antibod)^ of inl&rest are then extracted from 
the hybridoma genome, sequenced, and genetically manipulated so as to replace 
non-human constant region sequences with human constant region sequences. 
Such ''chimeric*' antibodies contain murine variable regions and human constant 
regions. 

15 Although others, e.g., Winter in EPA-0-239-400, have replaced human 

hypervariable sequences with murine hypervariable sequrace specific for an 
antigen of interest in order to obtain humanized "hyperchimeric** antibodies 
specific for an antigen, such teachings provide no expectation of success for 
att^pts to produce humanized antibodies (or derivatives thereof) specific for c- 

20 ert>B-2 or any other given antigen. Antigen combining sites have complex 3- 
dim^ional stnictures that axe in part dependant on the primary amino acid 
sequence of the variable region of immunoglobulins. The general procedure and 
concerns associated with producing humanized, chimeric and byperchimeric 
antibodies can be found in Antibody Engineering , edited by Borr^>ack, W. H. 

25 Freeman and Co. Publishers. Tlius changing several amino adds within the 
variable region of an immunoglobulin would not be expected to have an 
predictable effect on the stnicture (and consequendy on antigen binding propeities) 
of the variable region. 
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4 

Summary of Invention 
The subject invention provides for humanized immunoglobulin molecules 
(and derivatives thereof) ^ific for c-erbB-2. Nucleic acid sequences encoding 
these immunoglobulins, and cells for the expression of the humanized 
5 immunoglobulins are also provided for. 

The subject invention also provides for methods of using the humanized 
immtmoglobulins to diagnose and treat cancer. Cells for the production of 
humanized c-erb-2 immunoglobulins and m vitro synthesis methods for these 
immunoglobulins are also taught. 

10 Description of Figures 

Figure 1 provides the nucleotide sequence (total 1554 base pairs) encoding 
a humanized anti-erbB2 spc?cific Fab ftagment (SEQ ID:No. I) derived from the 
hypervariable regions (also referred to as complementarity determining re^ons, of 
abbreviated CDR] of murine anti-c-erbB-2 monoclonal antibody 520C9, The 
15 humanized light and heavy chains of the Fab fragment have been modified to 
contain an rali phoA Jeiader sequence. A plasmid compiising the nucleotide 
sequence of Rgure 1 is pLW187. The K coll strain containing pLWI87 is 
referred to as TLW170-1 in this application. 

The sequence of Figure 1 (SBQ ID:No. I) may be divided into the 
20 following subsequences: 

IrMSbp phoA promoter and leader; 
144-779bp Hnmanizfld Heavy Chain; 

144-235 FRl (human parent TSYC 1147-28); 
234-248 CDRl (mouse 52(0); 
25 249-290 FR2 (human parent TSYC 1147-28); 

291-342 CDR2 (mouse 520C9); 
343^37 FR3 (human parent TSYC 1147-28); 
438-455 CDR3 (mouse 520C9); 
456-488 FR4 (human parent TSYC 1147-28); 
30 489-779 Human Heavy Chain Constant Region 
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5 



780-821KT3 tag; 
822-893bp phoA leader, 
894-lS38bp Humanized light Chain; 

894-966 FRl (human parent TSYC 1150-38); 
5 967-998 CDRl (mouse 520C9); 

999-1043 FR2 (human parent TSYC 1150-38); 

1044-1064 CDR2 (mouse 520C9); 

1065-1 160 FR3 (human parent TSYC 1 150-38); 

1161-1187 CDR3 (mouse 520C9); 
10 1188-1220 FR4 (human parent TSYC 1150-38); 

1221-1538 Human Light Chain Constant Region; 

1539-1554 Xhol /Bamm Cloning Sites; 

Figure 2 represents a generail scheme for humanizing murine monoclonal 
antibodies by overkqjping PCR. 
15 Figure 3 represents the scheme and PCR primers used to produce a 

humanized heavy chain immunoglobulin. 

Figure 4 r^resents the scheme and PCR primers used to produce a 
humanized light chain immunoglobulin. 

Figure 5 represents the scheme used to introduce a phoA leader sequence 
20 and promoter sequence in front of a humanized immunoglobulin. 

Figure 6 represents the scheme used to correct an unimemionai sequence 
error made during the production of a humanized light chain derived 
immunoglobulin made according the schrane described in Figure 4. 

Eight primers and four tranplates are used in three round of overi^ing 
25 PCR. LWOl is the primer specifically designed for anq}Iifying the 5' aid of the 
phoA sequMice. LW16 and LW17 is a set of complementary junction primers 
which sit at the end of thephoA leader and the beginning of the coding sequence 
in FRl . The template pSYC1087 contains the phoA promter and, when used with 
primers LWOl and LW17, will yield a fragmrat (1) containing a 5' Hindm site 
30 and a 3' end bearing sequmce for the b^inning of PRl. CLC27 is a primer 
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which anneals to the end of FR2 and pait of CDR2. PCR usmg LW16 and 
CLC27, with the template "08-11" will result in a product (U) containing correct 
FRl, CDRl, ¥B2 and CDR2. Complementarity of LW16 and LW17 allow 
annealing of i^i^ments I and II in a second round of PCR, producing fragment 
5 (V). 

CLC26 is a primer which contains CDRl and partial FR2 sequence but 
does not reach amino add #43. CIjC29 is complementary to CLC30 and aimeals 
to FR4 as well as the beginning of th& human light chain con^ant region. PCR 
with CLC26 and CLC29, using template "38-18" yields a product (DI) containing 

: io> correct CPIff, incorrect FR-2 containing alanine at amino acid #43, and correct 
CDR2, PR3, CDR3, and FR4. Since "38-18" has an incorrect constant region, 
"38-17" is used as template for primer CLC30 and LW20. This fourth PCR 
product ((V) contains correct CDR3, FR4, and human light chain constant region. 
Complementarity of CLC29 and GLC30 at CDR3 allow fragments lU and IV to 

15 armeal for the second round of overlap PCR, producing fragment VI. 

PCR fragments V and VI are conq>lementary at framework 2 except at 
amino add residue #43, where in fragment V the residue is threonine (ACC) and 
wh^ in fragmmt VI, the residue is alanine (GCC). Annealing of these two 
fragments during the final round of PCR will yield products which due to the 

20 differing nature of its templates, will bear amino add alanine or direonine at 
residue 43. 

Description of Specific Embodiments 

A. Definitions 

An immunoglobulin molecule may be divided iato sev^al regions. An 

25 immunoglohuliD molecule may comprise one or more polypeptide chains, i.e. a 
multi-polypeptide immunoglobulin. ^G, for oantpH consists of 2 heavy (H) 
chains and 2 light (L) chains. An immunoglobulin chain typically comprises 
variable regions and constant regions; the H chain of ^6 oontains one variable 
region and one constant region, each constant region has a differrat sequence, and 

30 the (L) chain has one variable and one constant region. The constant region of an 
H diain can be further subdivided into 3 domains^ each of which forms a separate 
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compact tightly folded 3 dimensional unit. The L and H variable regions arc 
similarly folded into separate compact units. The variable region of an 
immunoglobulin chain (H and L) may be further divided into three hypervariable 
regions (also called complementarity determining regions, abbreviated CDR) and 
5 four ftameworic regions (abbreviated FR). Hie frameworic regions sq)aiate the 
hypervariable regions from each other in the linear amino acid sequence. 
Compared to the hypervariable or CDR regions, the framework regions comprise 
amino acids that do not vary as much between immunoglobulins produced by the 
same organism and are reasonably fixed in 3-dimensional space. Frameworic 

10 region amino adds sequences may exhibit more variatipn within ah organism than 
constant region amino acid sequences. Hypenrariable regions, on the other hand, 
vary to a much greater extent between individual immunoglobulin molecules 
prcxiuced by the same organism, and are less well fixed in 3-dimensional space. 
The hypenrariable regions are believed to form a major part of the antigen binding 

15 site of an antibody. The framework regions of the immunoglobulins are believed 
to form two opposing b^-pleated sheets, which are the basic structural element of 
the domain. These strands of the beta sheet are connected by loops of polypeptide 
chain which are thought to contain the hypervariable regions of the variable region 
of an immunoglobulin. Interactions between certain ftamework and CDR residues 

20 may influrace the folding of the protein, particuiariy the hypervariable loops, and 
affect the ability of the antigen binding site to recognize antigen. 

Constant regions of an immunoglobulin are located distal or C-terminal to 
the variable r^on. Constant regions may be of a light chain class inchiding 
kappa and lambda chain constant regions (and the various subclasses thweof), or 

25 may be of a heavy chain class including the heavy chain constant regions of IgG, 
IgM, IgA, IgD, and IgE antibodies (and the various subclasses thereof). 

"Operably joined" refers to a juxtaposition such that normal function of the 
compouCTts can be performed. Thus, a coding sequMce "operably joined" to 
expression control sequMices refers to a configuration wherem the coding 

30 sequences can be expressed under the control of tfiesesequwces. Such control 
may be direa, tfiat is, a single gene associated witfi a single promoter, or indirect. 
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as in the case where a polycistronic tianscrq)t is e)q)ressed from a single promoter. 

"Control sequMice" and "expression control sequence" refer to a DNA 
sequence or sequences necessary for the e?q)ression or regulation (transcriptional 
or tianslational) of an operably joined coding sequence in a piaiticular host 
5 organism. The control sequences, that are suitable for procaryotes, for example, 
include a promoter, optionally an op^ator sequence, a ribosome binding site, a 
tianscrq)tion terminator, and possible other as y^ poorly understood sequences. 
Eucaryotic cells are known to utilize control sequences, which include promoters, 
polyadenylation signals, enhancers, silencers, and the like. 
10 The term "fiinctional pair" when used with reference to variable regions^ 

(humanized or otherwise) intends a set of 2 variable regions (one derived from the. 
L chain and one from the H chain) that form an antigen combining site in an 
antibody. Functional pairs of variable regions specific for an antigen of interest 
may be found in the variable region from the heavy chain and the variable region 
15 from the light chain of an antibody specific for the antigen of interest. Examples 
of functional pairs of variable regions include the polypq)tides encoded by 
nucleotides 144-488 and nucleotides 894-1220 of Figure 1 (SEQ ID:N01). 

The term "functional proximity" when used with reference to variable 
regions (humanized or otherwise) intends that the functional pair of L and H 
20 variable regions be spatially located with respect to each other so as to form an 
antigen combining site. 

The terms "heavy chain-derived" and "light chain-derived" whM applied 
to inununoglobulins of the subject invention indicate that the variable region 
bypervariable sequences in ^e spedfied polypeptide are present on either the 
25 heavy chain or the light chain, respectively, of the antibody from which the 
hypervariable sequences of interest were ori^bsally discDv^ed. 

Tbe term "humanized" as ^lied to inununoglobulins intrads that at least a 
portion of the framework r^ons of an immunoglobulin are dmved from human 
immunoglobulin sequ^ces. 
30 When sequmces are said to be "human", all hurnan alleles for the given 

sequence, in addition to the seqi^ce specifically exemplified, are included. 
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Moreover, the subject invention contemplates that minor amino acid sequence 
changes, including substitutions, deletions, and insertions, typically in the range of 
about 1 to S amino acids, may be made to humanized immunoglobulins specific 
for c-ert)B-2 without significantly altering the binding specificity of the 
5 inmiunoglobulin. 

When a functional pair of variable regions are "specific" for a given 
antigen (or h^nen), the antigen combining site fonned by the functional pair is 
cq)able of binding to the antigen (or hapten) of interest more strongly than to 
randomly selected molecules. 

10 B. General Description ^ 

The subject invention provides for immunoglobulin molecules with variable 
regions comprising the hypervariable regions of the anti-c-erbB-2 ^)ecific 
antibodies (in particular the murine monoclonal antibody 520C9), human 
framework regions, and human constant region sequences. In addition to 

IS providing for humanized c-erbB-2-speciiic immunoglobulin molecules, the subject 
invention also includes nucleic acid sequCTces encoding the humanized 
immunoglobulins, as well as cell host systems for the expression of humanized 
immunoglobulins. 

Humanized inununoglobulins specific for antigens of interest may be 

20 obtained by preparing non-human, preferably murine, monoclonal antibodies 
against an antigen of interest, determining the amino acid sequence of the non- 
human antibody, preferably by isolating (by any of a variety of well known gene 
isolation techniques, including PCR) and sequencing cDNA sequ»ces encoding 
the chains of the non-human monoclonal antibody of interest. The amino add 

25 sequence of the byp^variable regions of the non-human monoclonal antibody may 
then be compared with canonical framework region sequences and hypervariable 
region amino acid sequences of human immunoglobulin variable regions so as to 
determine which amino acids must be changed to humanize the non-human 
^urace. Guidance for selecting the framework sequ^ices and hypervariable 

30 sequences within the variable r^on of an immunoglobulin can be found in several 
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publications, including tlie article by Chothia, et al. Nature 342:878-879 (1989) 
and the book Antibody Enpineerine: A Practical Guide . Bonebaeck ed. , W. H. 
Freeman and Co. publisher. By determining which sequences in the non-human 
inmiunogiobulin gene specific for the antigen of interest constitute framework 

5 regions and which constitute hypervaiiable regions, it becomes possible to 

synthesize a variety of humanized immunoglobulins having an antigen specificity 
similar to that of the non-human immunoglobulinthat serves as the information 
source for the sequence regions. 

Humanized variable regions specific for c-ecbB-2 may be joined to a human 

10 constant regionCs), or portions thereof. Joining pf a humanized variable region to 
a constant region gives rise to a polypeptide in which the amino-terminal portion 
comprises the humanized variable region and the carboxyl-terminal portion 
comprises human constant region sequence. Such constructs may be referred to as 
''hyperchimeric''. Humanized light chain-derived variable regions may be 

IS operably joined to light chain constant regions so as to form functional 

immunoglobulin chains. Similarly, humanized heavy chain-derived variable 
regions may be operably joined to heavy chain constant regions so as to form 
functional immunoglobulin molecules. In a preferred embodiments of the 
invention humanized light chain-derived variable region is operably joined to 

20 human light chain constant region, and humanized heavy chain-derived variable 
region is operably joined to a human heavy chain constant regionCs). 

In addition to providing for humanized inomunoglobulins specific for c- 
erfoB-2, the subject invention also provides for various polypq^des (and 
corresponding nucleic add sequences) comprising portions of c-erbBrZ specific 

25 humanized immunoglobulins, in particular the variable region portion of the 
humanized immunoglobulin. Furthermore, the subject invention provides for 
various derivatives of c-erhB-2 specific immunoglobulin chains that comprise 
additional polypeptide sequraces. These additional polypqitide sequences may 
have any of a variety of functions including, enzymes, toxins, antigenic tagging 

30 sequences, and the like. 

Many modifications and variations of humanized variable region sequences 
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within the present demonstrative nucleic acid sequence of Figure 1 (SEQ ID: NO 
1) are possible. For example, the degeneracy of the gen^c code allows for the 
substitution of nucleotides (which can be used or optimized in accordance with 
codon usage patterns for expression in various host cells) throughout the 

5 polypeptide coding regions, as weU as for the substitution of the translational stop 
signal specifically exemplified. Such sequences can be deduced from the known 
amino acid or DNA sequence of the S20C9 antibody chains (and the constant 
regions or antibodies of different classes) and can be constructed by conventional 
synthetic procedures. Such synthetic methods can be carried out in substantia] 

10 accordance with the procedures of Itakura, et al ., 1977 Science 1^8t 1056. Crea, 
^al. Proc. Nat. Acad, Sci. USA 75:5765 (1978). In additioC synthetic genes 
(and fragments thereof) and linkers can be synthesized either by using a Systec 
1450a DNA synthesizer (Systec, Inc., 3816 Chandler Drive, Minneapolis, 
Miimesota) or an ^Tplied Biosystems 380a DNA synthesizer (Applied Biosystems, 

15 Inc. 850 Lincohi Center Drive, Foster City, California 94404). Many other DNA 
synthesizing instruments are known in the art and can be used to make synthetic 
DNA fragments. Therefore, the present invention is no way limited to the DNA 
sequences specifically exemplified. 

A preferred method of synthesizing nucleic acid sequences encoding 

20 humanized immunoglobulins is by means of overlying PCR. The technique of 
overlapping PCR is described in the article by Horton, ^ al, Gene 77:61-68 
(1989) and in U.S. Patent No. 5,023,171, The tedmique of overhqjping PCR may 
be used to produce a humanized inununoglobulin by performing overlsqyping PCR 
on cDNA sequence from a human unmunoglobulin gene with the sqjpropriate 

25 oligonucleotide primers. 

In brirf, the technique of PCR slicing by overly ^ct^ision is as follows. 
PCR oligonucleotide primer pairs are prepared. Each oligonucleotide primer 
comprises essmtially two regioiis, a 5* region containing either sequraces 
encoding a restriction radoniidease recognition site or a portion of 

30 complementarity determining region (CDR) from a non-human inununoglbbulin 
gene of interest, and a 3' region complementary to a framework region adjacent to 
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the complementarity determining region lo which the 5* portion of the primer is 
complementary. Sets of such PGR primers are prepared for each ftamewoik 
region of the human immunoglobulin gene that will furnish the human sequences 
for humanizing the non-human immunoglobulin gene of interest. The primers are 

5 constructed so that 5* and 3' regions thai code within the same CDR region are 
overlapping. An advantage of using overlapping PCR to synthesize a nucleic acid 
sequence encoding a humanized non^human inununoglobulin sequence is in the 
minimization of restriction digest/Iigation reactions and oligonucleotide synthesis 
reactions. The S' CDR complementary regions of the PCR primers are 

10 complementary to the CDR complementary regions of PCR primers that have 3' 
regions complementary to adjacent fiameworic regions. As indicated in Figure 2, 
repeated rounds of PCR give rise to a nucleic add sequence comprising the parent 
human immunoglobulin sequence in all regions except for the complementarity 
determining regions, these regions being derived fiom the complementary 

15 determining regions of non-human immunoglobulin genes synthesizing an 

immunoglobulin specific for the antigen of interest However, small portions of 
murine frameworic sequ^ce (pardcuiarly the canonical residues described by 
Chothia, et al.) may be required in order to generate m active antigen combining 
site. 

20 The humanized inmiunoglobulins chains of the subject invention are • 

preferably utilized in the form of multi-polypqitide immunoglobulins comprising at 
least one humanized iminunoglobulin variable r^on functional pair. In muM- 
polypeptide humanized immunoglobulins comprising variable region functional 
pairs, the variable regions of the functional pair are preferably localized in space 

25 (the pair m^bers are in functional proximity to each other) so as to form an 

antigen combining site in which the antigen binding site is, at least in part, formed 
by the hypervariable regions of both the light chain-derived and heavy chain- 
derived hypervariable regions of 520C9 or other c-eibB-2 specific antibodies. 
However, the H chain variable region oft» contributes more that the L chain 

30 variable region in the interaction with antigen. 

Single humanized immunoglobulin chains may be joined to eadi other so as 
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to fonn muIti-poiypq)tide immunoglobulins by a variety of means. Such joining 
means include both ionic interactions and covalent bonds. The means of joining 
individual immunoglobulin chains so as to form a multi-polypeptide 
immunoglobulin are preferably, although not necessarily, by means of covalent 

S linkage. The preferred means of covalent linkage is by means of disulfide bridges 
between cysteine residues located within the humanized immunoglobulin chains of 
interest; however, covalent linkage may also be effected through the use of cross- 
linking reagents such as dimethyl*3,3'ditfaiobi^ropionimidate, N-(4-azidophenyl) 
pbthalamide, and the like. Humanized immunoglobulin chains may be joined so as 

10 to produce multirpolypq}tkie immuspglobulins molecules structurally analogous to 
antibodies or fragments thereof, including Fab fragmrats. Fab' fragments, F(ab')2 
fragments, Fabc fragments, Fd fragments, Fr fragments, Fv fragments, single 
chain Fv fragments, and the like. The available literature provides for methods 
for producing antibodies and fragments thereof from polyp^tides synthesized by 

IS recombinant DNA and in vitro synthesis techniques. 

The humanized immunoglobulins of the subject invention may be 
conjugated to a variety of ther^>eutic moieties. By thera|>eutic moieties it is 
intended a variety of compounds or atoms that find use in the treatment or 
detection of disease conditions. Compounds that find use in treating disease 

20 conditions include toxins (or active poitions thereof) such as diphtheria toxin, 
ricin, or Pseudomonas exotoxin, enzymes, conventional drugs and prodnigs. In 
general, the humanized immunoglobulins of the subject invration may be 
derivadzed by known method for conjugating then9>eutic moieties to antibodies so 
as to produce highly specific dmgs or imaging agCTts. Other tbtt:q)eutic moieties 

25 of interest for conjugation to the humanized immunoglobulins of the subject 

invention include radio-opaque imaging agents. Th^apratic moieties also include 
radionuclides for use in imaging or in irradiating tissue, such as '^Y, 
"Cu, ^"At, ^^^i, '^l, ^% '^I, and the like. 

Humanized immunoglobulin sequences may be modified by the addition of 

30 a variety of a secretion signal sequences preferable joined to the amino tenninus of 
the humanized inmiunoglobulin polypq>tide. Secretion signal sequences (also 
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lefened to as "signal sequences") serve to provide a signal to the secretion 
"machinery" of a cell to export polypeptides bearing such a sequence. The use of 
signal sequences to direct- the cellular localization and/or export of polypq>tides 
not naturally joined to the signal sequence, i.e., heterologous with respect to the 

5 signal sequence, is well known in the field of recombinant gene egression. Thus 
signal sequraces may be used to simplify the process of purification of the subjects 
polypeptides from recombinant cell egression systems for several reasons, 
including obviating the need to lyse host ceUs arid the need to produce subcellular 
fractions enriched for the polypeptide of interest Leader sequences typically 

10 comprise a charged amino acid Wtbi^N^i^kninus followed by a short hydrophobic 
amino acid sequences. Leader s^Sences may be selected on the basis of the 
cellular expression system used to synthesize the humanized immunoglobulin 
polypeptide. Signal sequences are preferably selected so as to be removed either 
completely or substantially from the humanized immunoglobulin sequence of 

15 interest. The actual leader sequences employed will vary in accordance with the 
choice of cellular expression system selected. Although leader sequences are 
known to direct the locafizadon of proteins in heterologous expression systems, 
i.e., host cells not naturally producing the protein that is the source of the signal 
sequence, it is preferable to use leader sequences finom polypeptide naturally 

20 expressed in the cellular expression host. When expressing humanized 

immunoglobulins in bactmal ^sterns, a PhoA. i.e., alkaline phosphatase, signal 
sequence is preferably used for expression in coU. Other bacterial protein 
signal sequences of interest include those from tfie ompA and peB genes. For 
expression in maTnmaiiati cells, the use of an inununoglobulin leader sequence is 

25 prefened. For expression in yeast cells, an a^ha £u:torieader sequence, among 
oth^, may be used as a signal sequence. 

Hie humanized immunoglobulins of the subject invention may or may not 
contain "tag" amino add sequraces. Such "tag" sequraces are short amino add 
sequence, normally no more than 20 amino adds in length, preferable less than 15 

30 amino acids m length. Tag sequences may be included in the amino acid sequence 
of the subject humanized immunoglobulins for the purpose of purifying, detecting 
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(or quantifying) the pplypq)tides of the subject invention by use of antibodies, 
including monoclonal antibodies, (or similar reagents) capable of specifically 
binding to the tag sequence. Tag sequences without attached immunoglobulin 
amino acid sequences may be synthesized in vitro using various well-known 
5 techniques, including commercially available poiypq}tide synthesis machines. The 
in vitro synthesized tag sequences may thrai be injected into suitable animals so as 
to induce an immune response directed to the tag sequence. Antibodies specific 
for a tag sequence of interest may also be prqiared by immunizing an animal with 
a protein having a primary amino acid sequence that includes the tag sequence of 

10 mtere sequences arc preferably attached at or near the COOH terminal end i^*-**^;.^ 

of^munoglobulin molecules. A tag sequence of particular interest is a sequence 
recognized by the KT3 monoclonal antibody. An amino acid sequence recognized 
by KT3 is TPPPEPET. Another example of a tag sequence that may be inserted 
at the carboxy terminal (or internally as well) of an immunoglobulin sequence is 

15 the sequence EEEEYMPME. (Gnissenmeyer, et al., Prpc. Natl. Acad. Sci. USA 
82, 7952-54 (1982)). 

The humanized immunoglobulins of the subject invention may be expressed 
in cellular hosts after the sequences encoding the humanized immunoglobulins 
have been operably joined to expression control sequences. Nucleotide sequences 

20 for expression may be conv^entiy operably joined to expression control 

sequences by insertion into restriction sites in expression vectors. Expression 
vectors may contain expression control sequences located near useful reaction 
sites, and are typically replaceable in the host organism either as extra 
chromosomal elements, such as plasmids, or as an integral part of the host 

25 chromosomal DNA. E3q)ression vectors may contain selectable markers, such as 
antibiotic resistance, to permit d^ectifti of those cells transformed with the 
nucleotide sequences of interest, see for example U.S, Patent No. 4,794,362, 
which is herdn incorporated by reference. 

The polypq)tides of the subject invention may be expressed in a variety of 

30 ceU types. The literature available to those skilled in the art describe numerous 
cellular expression systems for polypeptides of intwest and expression vectors for 
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use in those systems. See for example Methods of Enrymnlnpy Vol. 185, 
GroeddeL Academic Press (1990). Humaiiized immunoglobulins may be recovered 
and purified from recombinant host cells using conventional techniques for 
recovery and purification of recombinantly produced proteins. 

5 Nucleotide sequences encoding humanized inomunoglobulins may be 

expressed in a variety of cells. Cells for egression may be either eukaryotic or 
prokaryotic. Prokaryotic hosts of intetest include Bacillus subtilis . as well as 
other Bacilli , enterobacteriaceae, such as R coU, as well as various Strgptomyces , 
Sahnoneila , Serratia. and Pseudomonas species. Among prokaiyotic host cells 

10 species, E. coU is particularly preferred because of thei pgfib de^ available 
literature dealing with expression in E. coli > 

Other microbial organisms, such as yeast, may be used for expression of 
the subject humanized immunoglobulins. Saccharomvces cerrevisae is a preferred 
non-bacterial microbial expression host. 

15 Odier non-mammalian eukaryotic expression host cells of interest include 

insect cells that may be used with bacculovirus expression systems. 

In addition to the use of microbial, and invertebrate cells, fnannnalian cells 
grown in tissue culture may also be used to produce the polyp^tides of the 
present invention. The polypeptides of the present invention may be expressed in 

20 any mammalian cell system that may be used to express inununoglobulin 

polypq)tides. Eukaryotic cells are prefened cellular hosts for the e?q)ression of 
subject polypeptides as opposed to non-mammalian cells, because of the numerous 
advantage associated with using mamtn alian cells, such advantages include 
suitable signal-sequence processings giycosylation, secretion machinery and die 

25 production of functioml fiiU-lengtb inmiunoglobulins. Manunalian cells for use as 
e?q>ression hosts, include CHQ cell lines, various COS cell lines, HeLa cells, 
SP2/0 and the like. 

Host cells for the expression of the polypq)tides of the presrat invention 
may be genetically manipulated so as to produce one, or more humanized 

30 immunoglobulins. When two humanized immunoglobulin chains are pnxhiced by 
the same cell line, it is of interest ta produce a first immunoglobulin diain having 
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a humanized variable region that comprising one member of the functional pair of 
variable regions specific for c-eTbB-2 and a second inmaunoglobulin chain 
comprising the other member of the same functional pair of variable regions for c- 
eibB-2. Thus, by producing cells genetically manq3ulated so as to express two 
S such humanized immunoglobulins chains, multi-polypq>tide immunoglobulins 
comprising a fiinctional c-erbB-2 antigen binding site may be produced either in 
vivo , or in the supematants of cell cultures. 

In addition to the production of humanized immunoglobulins by 
recombinant m^ods, automated equipment for the direct synthesis of polypeptides 
'^j^s:!^^^}^ 10 disclosed herein is commercially available. Such equipmrat provides accessjOii^.^^^^^ ^ 
pq)tides of the invention, either by direct synthesis or by synthesis of a series of 
fragments that can be coiq)led using other known techniques. 

The humanized immunoglobulins of the subject invention and 
pharmaceutical compositions thereof are particularly useful for parenteral 
15 administration, e.g., subcutaneously intramusculariy or intravraously. The 

compositions for parenteral administration will typically comprise a solution of the 
humanized immunoglobulin dissolved in a physiologically acceptable carrier, 
preferably an aqueous earner. A variety of aqueous carriers can be used, e.g., 
water, buffered water, physiological saline, 0.3% glycine, and the like. Solutions 
20 for parenteral administration are preferably sterile and generally free of paniculate 
matter. Compositions for parenteral administration may be lyophilized for 
convenient storage and rehydrated prior to use. These compositions for parenteral 
administration may be sterilized by conventional sterilization techniques. The 
compositions may contain pharmaceutically accqnable auxiliary substances as 
25 required to approximate physiological conditions such as pH adjusting and 
buffering agents, toxicity adjusting agrats and the like, for example sodium 
I acetate, sodium chloride, potassium chloride, calcium diloride, sodium lactate and 

the Hke. The concentration of humanized immunoglobulin in these formulations 
can vary widely, i.e., from less than about 0.5%, but usually at or at least about 
30 1 % to as macb as 15% or 20% by weight and maybe selected primarily based on 
fluid volumes, viscostties.etc., in accordance with the particular mode of 
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administratioii selected. 

The invention having been described, the following examples are oifeied 
to illustrate the subject invention by way of illustration, not by way of limitation. 

5 Overview of Production of Nncleic Acid Sequences Bicoding 

Humanized TrnmnTin^lobulins 

In overlap extraision, PCR is performed with primers that have 
complementary 5' ends so that products from a first round of reactions can be 
mixed, melted^ and reannealed ta provide^ template for the synthesis of longer 

10 extension products in a second round reaction. To humanize the murine antibody 
of interest, primers were designed whose 3" ends anneal to human frameworks, 
and whose 5' ends either contain cloning sites, or encode murine 520C9 CDR's. 
A general s(±eme for humanizing an antibody is shown in Pigure 2. The first 
round of PCR utilizes DNA template from the selected human parent TSYC 1 147- 

15 28 or TYSC 1150-38 and results in four individual fragments, each containing 
either human FRl, human FR2, human FR3 or human FR4, flanked by cloning 
sites and/or CDR*s. The FR4 fragment is large because it also contains the first 
Chi domaiii of the human constant region. The next round of PCR involves 
annealing CDRl arms on first round products "A*" and "B", and results in a longer 

20 fragment. "E", which consists of, in the 5* to 3' direction: a cloning site, human 
FRl , mouse CDRl , faumari(l2, and a primer generated CDR2 arm. The other 
round two reaction anneals mouse CDR3 arms on first round products "C and 
"D"^ and produces a fragmi^t containing human FR3, FR4 and constant regions. 
TWs second round product, "F", is flanked at ite^ 5' end by mouse CDR2^ and on 

25 the 3' ead by another cloning ate. The final round of PCR anneals the 

compl^entary CDR2 ends in fragments "E* and "F" and creates the conq>Iete 
humanized "G" fragmraL 

The "G" fragment is placed into an e^qiression vector. Heavy and light 
chain "G" fragments undergo sq)arate restriction digests for ligation into their own 

30 pUC vectors and are tttosformed into E. coK host DGIOI. Transfoimants are 
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screened for the presence of insert, and DNA from several potential candidates is 
sequenced. Clones with the correct sequence undergo another round of PGR with 
primers designed for incorporation of a phoA promotor/leader sequence in front of 
the antibody coding sequence (See Figure 5). The PGR product containing phoA- 
5 antibody sequence is digested and cloned into a pBR322 based vector and 

transformed into £. coU host MM294. Tiansformants are screened, and potential 
candidates are identified and sequenced. Clones bearing the correct sequence of 
each chain are induced for expression on the putative humanized immunoglobulin 
and checked for expression by Western analysis. The final construct to produce a 
10 t^imaidzi^jEab fragment is made by combining the light chain coding sequence 
wiyi-the heavy chain coding sequence. This last process involves a PCR step and 
a restricuon/ligadon step. 

Example 2 
Selection of Human Pa rent yraitiftwnrk 

15 Human framewoiics, or "parwits", were chosen by a "TFASTA" computer 

aligimient which generated the ten best frts with human immunoglobulin sequences 
in the searched datatese. The selection was based on overall similarity of amino 
acid residues between the human and the original mouse 520C9 sequence. The 
himian sequence database was produced by cloning approximately 100 heavy and 

20 light chains of inununoglobulin genes from EBV transformed human cells, and 
subsequently sequencing the cloned genes. In addition, both L and H chain 
variable regions were sequenced from cDNA copied from human peripheral blood 
cells using primen that were designed for PCR amplification of the V i^yvions 
into the adjac^ constant domain these sequences and conq>ared with the mouse 

25 variable regions diat were to be hyperehimerized. 

The chosen human framework must not int^fere with the presentation of 
die mouse CDRs to die target antigen. Chotiiia, a al. Nature 342:877-883 (1989) 
hypothesized that a small repeitoire of "canonical** conformations of hypenrariable 
regions exist and the structure of a given CDR is strongly influenced by a few 

30 amino add residues at key positions. Sudi canonical residues arc found in CDR 
and FR regions. The human frameworks selected for each chain have canonical 
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residues similar to that of the mouse antibody. 

According to the theory of Chothia, ^ al,, the heavy chain canonical 
residues of special importance are amino acids #26, 27, 29, 34, 55^ and 94. In 
the mouse 520C9 heavy chain, these residues are, in order, Gly, Tyr, Phe, Met» 

5 Gly, and Aig. In th^ best fitting human heavy chain pairat, TSyClI47-28, all 
canonical residues match except #34, which is an isoleucine instead of a 
methionine. No other human parent within the top five selected for overall 
sequence similarity matched better than TSYCI147-28, Thus, TSYC1147-28 was 
chosen as the human heavy diain framework parent for grafting with mouse heavy 

10 chain GUR's. '^!^i^s:rK 

Light chain canonical^^esidues of special importance are amino acids #2, 
25, 29,^ 33, 48, 64, 71, 90, and #95. In the mouse 520C9 light chain, the residues 
are, in order. He, Ala, He, Leu, lie, Gly, Tyr, Gin, and Pro. In the best fitting 
Ught chain human parent, TSYCI150-38, eight of nine residues match. Only 

15 residue number 71, where phenylalanine rq)lace5 tyrosine, does not match. The 
second best fitting light chain human patent, TSYC1150^8, matches at only six of 
the nine canonical residues. Amino acid #29 is leucine instead of isoleucine; #71 
is phenylalanine instead to tyrosine; and #95 is phenylalanine instead of proline. 
Two human light diain framewoxics, TSYC1150-38, and -OS, were chosen for 

20 grafting of mouse light chain C3)R*s. Humanization of light chain has been 
completed with only TSYC1150-38 as parent. 

Fxamplfe % 

Design of Primers fnr Fram ewoTk Grafting by Overiappinp PCR 
The e3q)ected sequraces for heavy and light diain, from humanization of 
25 mouse 520C9 CDR's with human parent framewoiks, is pvm in figure 1. Qgbt 
primers for each chain were designed based on the scheme presrated in figure 4. 
Each primer contains two regions, one bearing sequence which anneals to human 
&ameworic» and the other either containing a cloning site or bearing sequence 
which encodes for a mouse GE>R. Half of the primers are upstream (located at the 
30 5' end of the reaction) primers and the other half, downstream (located at the 3' 
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end of the reaction) primers. Each PCR reaction requires one upstream (front) 

and one downstream (back) primer. A short explanation of each primer follows 

(Tlie abbreviations HC and LC refer to heavy chain and light chain, respectively): 

CLC17(HC) or CLC24(LC): (upstream) 
5 5' end contains cloning sites 2QlQl(HC) or SacI(LC); 

3' end anneals to FRL 

CLC18(HC) or CLC25(LC):(downstream) 
3* end anneals to FRl; 
5' end encodes for CDRl. 

10 CLC19(HC) or CXC26(LC):upstream 

5' end encodes for CDRl. i'^-^^m^^- 
3' end anneals to FR2. 

CLC20(HC) or CLC27(LC): (downstream) 
3* end anneals to FR2; 
15 5' end encodes for CDR2. 

CLC21(HC) or CLC28(LC):(upstream) 
5' end encodes for CDR2; 
3' end anneals to FR3. 

CLC22(HC) or CLC29(LC): (downstream) 
20 3* end anneals to FR3; 

5' rad encodes for CDR3. 

CLC23(HC) or CljC30(LC):(upstream) 
5' end encodes for CDR3; 

3; end anneals to FR4, for extension through human constant 

25 region. 

SYP12(HC) or SYC324(LC);(downstream) 

3' end anneals to the end of the HC or LC 

constant region, 
5' end contains cloning sites SEeI(HC) or 2^baI(LC) 

30 The heavy and fight diain "G" fragments were digested with reistriction 

enzymes in separate reactions and cloned into their own pUC vectors. Ligations 
were then transformed into DGIGI host. Potential clones were identified by 
colony PCR or by minq)rep analysis and were sequenced. The correctly 
hu m a ni zed heavy chain in pUC was found in clone TCC19-4 
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Example 4 

Design of Primers for phoA IncoTporation 5' to the Humanized Heavy Chain 

Four primers, W to Z, as shown in figure 5, are needed for the overlap 

extension PGR that incorporates phoA promdtor and leader sequences in front of 

5 inmiunoglobulm coding sequences. Each primer in the figure is discussed below: 

Primer W anneals to a portion of the plasmid pSYC1087 ahead of a region 

encoding for the^ phoA promoter and leader sequence. The primer can be divided 

into two parts. One part anneals to pBR sequence, the plasmid backbone, and the 

other anneals to restriction sites which precede phoA sequences in pSYC 1087. 

10 W: (HCorLC) v..,,.^.. ^ 

LWOl: 5'-GGGG ATCGAT AAGCTT GGG CTGCAG GTCGAC 
pBR322 sequence tTinrfi TT PstI Sail 

Primers X and Y together create an in-frame junction between the end of 
the phoA leader and the sequence encoding human amino acid #1 in the antibody. 

IS These primer sets are specific for each antibody. They are often modified to 
encode for amino acids that are missing from the human parent sequences. For 
example, immediately following, i.e. 3' to, the phgA sequences, the primers for 
the humanized 520C9 heavy chain junction region encode for the first sue human 
consensus amino adds found in Kabat. et al.. Sequences of proteins of 

20 immunological interest 4th ed, U.S. Dep. HHS (1987). It is necessary to supply 
these amino acids because the human library was created by primers which start at 
amino acid #7 of the heavy chain. 

Y: (HQ 

LW13: 5* _ I GAG ATC CAA CTG GTG GAG | TCT GGG CCT GAG 

25 GTG 

LW14: GGACACTGTTTTCGG f CTC TAG GTT GAC CAC CTC | 5' 

X: (HQ 

end of proA leader 1st six consensas hmnan suut of FRl in 

HC nuu ftom Kabat TSYC 1 147-28 

30 Y: (LQ 

LW16: 5'— CCTGTGACAAAAGCC | GAC ATC CAG ATG ACC GAG 
LW17: GG A CAC TGT TIT CGG | CTG TAG GTC TAC TGG GTC— 5' 
X: CLC) 

end of phoA leader stait of FRI in TSYC 1150-38 

35 Primer Z is a back primer whose 3* end anneals to the final nucleotides of 
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the human heavy or light chain constant region. Its 5' end contains cloning sites: 
either Spel for heavy . chain, or Xbal for light chain. 

Z: (HQ 

LW15: G TTG TTC CAC CTG TTC TTT [ TGA TCA | CCC C — 5' 
5 end of human heavy chain Spel 

constant region 

Z: (LC) 

LW20: AAG TTG TCC CCT CTC ACA | ATT A | GAG CTC CCT AGG CGG — 5' 
end of hiunan li^ chain STOP Xbol BamHI 

10 constant region 

The products were restriction digested with Hindi n and Spel and were 
cloned into a pBR based vector^with^^ ampicUlin selection maiker. Downstream 
from the Spel site, the vector carried the KT3 peptide sequence, NH3-TPPPEPET- 
COOH, in frame with the heavy chain pqjtide and the B. thurinpiensis crystal 
15 protein transcriptional terminator. Transformants in MM294 were screened for 
inserts, and several clones bearing insert were sequenced. LW1S6 contained 
conea phoA promotor and leader sequences and correctly encodes for the 
humanized ''520C9-28'' heavy chain. 

20 phoA Incorporation Ahead of Htimani7f^ri TJpht Thair^ 

The wrong template was inadvertently used to create the "G" fragment ( 
"G** as in the Figure 2 scheme). The mistake was not realized until sequradng 
revealed that one of the humanized light chain "G** fragments for parent 
TSYCl 150-38 matched that of the desired fused clone. In:^ead of starting over and 

25 creating a new "G" fragment using the correa t^late, the sequenced materials 
were modified. Amino add alignment of sequenced clones with the fused 
"52009-38" sequrace indicated that clone "38-18" most resembles the desired 
sequrace. It contained one error at amino add 43 On framework region 2, i.e., 
FR2), changing alanine to threonine and other errors in the constant region. 

30 Overlap PGR was performed (see Figure 6) to create the correctly fused 

light chain sequence by using templates which were correct for different regions of 
the variable and the constant region, and at the same time, to incorporate the phoA 
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junction. pSYCI087 was used as the phoA template. "08-11" was used as a 
template for ERl, CDRl, and FB2 because it possessed the correct amino acid, 
threonine, at position #43. "38-18" was used as the template for FR2, CDR2, 
FE3, CDR3, and FR4. Another clone, "38-17" was used as tcmpMo for the FR4 

5 and the constant region. Existing primers were used to create products which 
would anneal to each other in second and third round extensions. Primer 
LWOl, and light chain junction primer Y, LW17, were used to amplify 
pSyC1087. light chain junction primer X, LW16, and CLC27 amplified "08- 
ll^ CIX27 was described earlier and anneals to FR2 and CDR2 regions. 

m^^^mupie and CLC2a amplified "38-18". CLC26 anneals to GDRl and FR2, while 
CLC29 anneals to FR4 and part of the constant region. CXC30, a perfea 
complMient to CLC29, and Z primer LW20 amplified "38-17" to provide the 
correct constant region. 

In the second round, PGR products from pSYCl087 and "08-1 1 " were 

IS melted, reannealed at the phoA-FRI junction, and extended to create a longer 
fragment that contains correct sequence up to CDR2. Products from "38-18" and 
"38-17" were melted, reannealed at the CLC29-20 junction, and extraded to form 
a longer fragment, which contains sequence fium CDRl to the end of the constant 
region. The latter second round fragment carries the incorrect amino acid #43 j, 

20 alanine, from its parent "38-18", and is the source of the problem for the final 
extension step. The two second round products melt and anneal at a large region 
encompassing CDRl, FR2, and CDR2, and extend to potentially form the final 
phoA-humanized light chain product. A problem occurs because there are two 
templates for amino, add residue 43, where one encodes for threonine and the 

25 other, for alanme. Because at least half of the templates for that position are 
incorrect, the same proportion of the final products will alsa bear that Gnoi. 

The PGR products were digested with Hindm and Xhol and were ligated 
into a pBR322 based vector, similar to the one for the heavy chain, but minus the 
KT3 tag sequence. Transformants in MM294 were scre^ted by colony PGR and 

30 by miniprq) restriction analysis, and potratial candidates we^ sequenced. Clone 
LW206 contains the correct phoA promoter and leader sequence, and correct 
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variable and constant region amino acid sequence for humanized "520C9-38" light 
chain. 

Construction of Humanirftri Fah 

5 Plasmid from humanized heavy chain in the phoA expression vector, 

pLW144, was cut with Nsil and Xhol and purified. Sqjarately, a PGR reaction 
was performed, using clone LW206 as template, to add a Nsg site ahead of the 
phoA leader sequence. Restriction digest of the PCR produa with Nsil and Xhol 
resulted in a fragment of approximately 800bp ready for cloning behind the heavy 

10 chain V gene. Iigatio&^and !tEansformation (TLW170) into MM294 E. otU host 
resulted in a large number of insert-bearing clones. Clones TLW170-1 and 
TLW170-3 were sequenced and confirmed to contain correa phoA, heavy chain, 
the KT3 tag, and light chain sequences. 

Example 7 

15 Purification of Humanized S20C9 E. Coli Expressed Fab 

One liter of cell cuUure E. coU strain TLW170-1 was inoculated and 
induced for expression of the plasmid encoded proteins for about 8 hours. 

Low Phosphate Induction: 

A tube or flask containing Hi P medium [Higb Phoq)hate Medium (Hi P): 

20 = Low phosphate medium with 10 mM in KH2PO4 was inoculated with a colony 
of the cells to be induced and grown at SO^'C overnight on a shaker. Cdls were 
collected by cratiifugation and washed 2X in equal volumes of Lo P medium 
[Low Pho^hate Medium (Lo P): IX MOPS, 0.4% glucose, 0.15% vitamin fi^ 
casamino adds (LS9), 2 /£g/ml Bl (thiamine), 0.1 mM KH2PO4, antibiotic 

25 (ampidllin, 50-100 ii^voS\ and resuspended in low phosphate medium (10 

mis/tube). The cells were resuspended in the original volume in Lo P medium 
and then diluted 1:50 into ftesh Lo P. The cells were incubated at 30^C for > 6 
hrs to overnight on a shaker. The cells should achieve a final A^oo of 
approximately 1. 
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Cells were removed by centriiugadon at 10,000 ipm for 30 min. and 
washed once in 50 ml of PBS/NaNs. They were stored at '2°C, 

The pellets were lesuspended into PBS/NaN3, one pellet into 25 ml and the 
second pellet 40 ml. The first was refrozen at -20*^0 and thawed at 37''C a total 
5 of four times including the initial thaw. The second pellet^ was sonicated four 
times of two minute duration. Both the freeze/thaw and sonicatidn mixtures were 
cratrifnged at 10,000 rpm for 30 minutes. 

The following samples were saved for analysis by ELISA: A-cells in 
growth media, B-growth media from the first centrifugation, C-first centrifugation 
10 pell^ EBS/NaN3 wash, D-fteeze/thaw pellet, E-freeze/thaw supenialant (t2&^^ i 
F-sonication pellet, and G-sonication supernatant (40 ml). 

An SDS-PAGE nonredudng gel analysis was performed on samples A 
through G. Coomassie Blue staining indicated some Fab in samples A, D, E, F» 
and G. A c-erbB-2 FT ISA of fractions A through G indicate activity in A, D, E, 
15 F, and G. However, the activity in fraction E was found to be higher than G. 
Similar purification procedures performed on 520C9 (non-^humanized) e?q)ressed in 
E. c^ also found tihe highest level of anti c^rbB-2 activity in fraction E. 

To isolate Fab (containing the KT3 tagged H chain), a 2ml affinity column 
of Protein G Sq)harose KT3 was washed with 3 column volumes of 0.1 M 
20 NajCOs, pH 10.5, and then a large volume of FBS/NaNj. A sample of each 
sup^natant (20 ml of E and 35 ml of G) were sq>arately passed ovi^ the same 
column. After the sample loading was complete the column was washed with 10 
ml of PBS/NaNa which was added to the flow-through volume. The mat^nal 
bound to the column was eluted using 10 ml of 0.1 M Ns^COs, pH 10.5. The 
25 eluate was immediately neutralized and the protein concentration d^ermined using 
Pierce Coomassie reagent: the son^at^ eluted roateriat from saiiq>le gave a 
concentration of 28 ftg/ml and the freeze/thaw sample gave 7 jxg/ml. SDS-PAGE 
. analysis of the starting material, the flow through, and the eluate, shows there is 
stiU a large amount of the Fab in the flow through of bodi the fiteeze/tfaaw and the 
30 sonicated procedures. 
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Renaturation Studies of Fab Produced in E. Coli 
Renamration of Fab produced in E. coU was successfully performed using 
procedures described in Buchner and Rudo^h, Bio/Technoiogv 9:157-162 (1991). 
5 Using conditions described as optimal by Buchner and Rudolph humanized 520C9 
Fab (TLW170-1) with binding activity to c-eit>B-2 has been produced. 
Furthermore, activity in the crude extract was obtained in the absence of 
denaturation/renaturation for two v^ions of the humanized 520C9 Fab (from 
clones 170-1, 169^1). 

10 . ; ^j;5atj3 Methods 

E. coU were grown ov^ght in 25 mis of HiP medium. The cells were 
harvested by centrifiigation (10 minutes, 6,000 rpm in two 15 ml tubes), washed 
once in low phosphate medium. The ceils contained in 1 tube (equivalent to 12.5 
mis of the HiP medium) were used to inoculate the low phosphate culture, which 

15 was grown at 30*C for 7 hours. The cells were harvested by centriftigation and 
combined into one 50 ml centrifuge tube. The cells were either frozen at -20**C 
overnight or treated with lysozyme. 

The freshly collected or thawed cells were resuspended in 50 mis of 0.1 M 
Tris CI, pH 7.8 containing 20 mM EDTA and 0.5 mg lysozyine/ml at room 

20 temperature for 1 hour. The lysed cells were centrifuged at 20,(XX) ipm for 25 
minutes and the siq)ematant stored finozen until they were assayed. Breakage was 
evident by the gel-like nature of the suspension. The pellets were washed with 50 
mM Tris CI, pH8, containing 20 mM EDTA. Sonication of one batch was used at 
this stage to break up the pellet and provide better extraction. 

25 The pellets were resuspended in 50 mM Tris Q, pH 7.8, containing 1 % 

Triton X-100, 0.5 M NaCl, and 20 mM EDTA. The pellets were collected by 
centrifiigation and washed twice with 50 mM Tris CI, pH 7.8, containing 20 mM 
EDTA. To the drained pellets were added 0.1 M Tris CI, pH8, containing 6 M 
guanidme HCl, 0.3 M dithiothreitol, and 2 mM EDTA. The suspension was 

30 vortexed occasionally at room temperamre for 1 hour and the pellet collected by 
centtifiigation at 40,000 rpm for 15-20 minutes. The pellet was reextracted with a 
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smaller volume of denaturant in one experiment. 

The protein concentration was determined by Bradford analysis. SDS- 
PAGE was run on the samples with and without reduction to d^rmine the purity 
and level of expression of Fab. 
5 Senaturadpn was achieved by diluting the guanidine/DTE solution of Fab 

into 0.1 M Tris CI, pH 8.2, containing 2 mM EDTA, 0.2 M L-arginine, and 2 
mM oxidized glutathione. The final. dilution of the Fab was 1:100, which 
produces a final concentration of 3 mM DTE in the redox system. The 
renaturation buffer was brought to U^C before dilution was made. 

10 Results and Discussion ~ 

Time Dependence of Renamration of Pellet F : 

A pellet (F) (see section VI for details)^ produced from 1 70-1 humanized 
S20C9 Fab in E. coli was extracted with guanidine and DTE and renamred as 
described above. The total protein concentration in the renaturation buffer was 35 

15 and 18 f^g/ml. Because the pellet during washing looked as if two layers were 
being separated during centrifugation, an attempt was made to sqmate them, 
resulting in two fractions. SDS-PAGE analysis did not indicate any differences 
between the two fractions. 

To enable all of the assays to be done at once, dilutions from the 

20 guanidine/DTE solution of Fab (store at room temperature) were made at various 
times and renaturation started at 11**C (lO^'C was intended). Dilutions were 
performed by adding 100 ftl of Fab/guanidine/DTE solution to 10 mis of 
renaturation buffer (which had been stored in the refrigerator). After 86 hours of 
renaturation, the samples were all assayed at the same time. The staggered times 

25 of r^iaturation wrae 86» 74.5, 38.5, 16.5 and 0 hours of ^maturation. The buffer 
control produced no signal. Activity was detected in all sanq[)les. The best 
recovery of activity was seen with the longest time of renaturation. Because no 
positive control was possible, die extent of the recovery of activity could not be 
estimated. 

30 These samples were assayed again about 3 days later. The activity was 
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again observed, but there was less difference between the shortest and longest 
times of r^turation. This was expected as all of the molecules reached the 
"plateau" region described by Buchner and Rudolph. 

These experiments demonstrate that r^oaturation of Fab produced in E. coU 
5 was possible and that the humanized version of 520C9 refolded and was active. 

Concentration of "Hme Dependence" Samples : 

About 6 days after the start of the renaturation studies, all the samples were 
pooled and concentrated on a stirred ultrafiltration device. The concentrate was 
stored at 4**C, and becaines etpud>^^ 

10 Renaturation of Pellet F : 

Most of the guanidine/DTE solution of pellet F was left after the time 
dependence studies described above. Therefore, the remainder was diluted 1:100 
into renaturation buffer and incubated at ll'^C. EUSA assays revealed activity. 

Renaturation of TLW17Q*l ! 

15 The cells from 500 mis of medium induced for 7 hours at 30*C were 

treated with lysozyme and the supernatant collected by centrifiigation. The peUet 

was extracted with 4 mis of guanidine/DTE, Because of the presence of DNA, 

the pellets resembled rubber before extraction. Bradford analysis showed that the 

amber colored 40,000 rpm supernatant contained 3.2 mg of protein/ml. The 

20 pn)tem was diluted into 340 nil of renaturation buffer and incubated at irc. C- 
erhB-2 binding activity was observed by ELISA. 

SDS-PAGE showed tiiat little or no 50,000 MW Fab in the pellet was 
extracted by SDS sample buffer that did not contain reducing zgpnt. However, a 
strong band having a molecular weight of about 25,000 was obtained when the 
25 peUet was extracted with SDS in reducing agent. 



Comparison of Humanized and Murine Fabs : 

169-1 and 170-1 are two different versions of humanized 520C9 Fab; 46-1 
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is the murine 520C9 Fab expressed in E. coli. Extraction of the cells obtained 
from 500 mis medium with I ml of guanidine/DTE gave total protein 
concentrations (measured by Bradford assay) of 2.78, 3.81, and 5.22 mg/ml, 
respectively. Extraction of the remaining pellet with an additional 0.75 ml of 
5 guanidine/DTB gave concratrations of 2.72, 1.92, and 3.32 mgAnl^ respectively. 
The total samples (L75 ml) were diluted sq)aiately into 175 mis of r^miation 
buffer and incubated at 11**C. E[b-binding acti^d^ was c^served with all three 
samples. 

Extraction of the pellet with SDS without reducing agmt did not solubilize 
Fab produced by 169-1 and 170-1; howeveMhe murine Fab, 46-1, was ,*^v^^i*., 
solubilized. AH three Fabs were solubilized by SDS containing reducing agent. 

Isolation of Fab : 

The initially refolded Fab pellet, TLW 170-1 (which was concentrated to 
about 5 ml), developed some turbidity after concentration. A one ml sample was 

15 dialyzed against 20 mM Tris CI, pH 8.3, overnight at 4**C. The sample was 
centrifiiged at 100,000 x g for 30 minutes and the supernatant separated by 
chromatography using a Poros strong anion exchange column (0.5 ml fractions 
collected). When the sample was originally concentrated (before the turbidity 
developed), the total protein concentration was 240 fig^ml and when analyzed by * 

20 nonreducing SDS-PAGE gel the Fab was just barely visible with Coomassie 
staiiung. By estimating the pn>tein concentration based on the intensity of sta 
the yield of Fab was determined to be about 50 fig/ml. The oitire sample was 
iigected onto the anion exchange column and developed with a NaCI gradient in 20 
mM Tris Cl buffCT, pH 8.3. Peak tubes were analyzed by SDS-PAGE with silver 

25 stam. A inuiine Fab generated by pq>ain digesdon was used ta kientify the 

relative chromatogr^bic^dution time. However^ gel analysis failed to show any 
FAb band in any of the peaks. An additional ample, however,^ showed good 
activity on the SKBr3 plate coat assay. ^ 
Thus, both murine and humanized 520C9 Fabs are active and can be 

30 renatured from guanidine in a redox system. 
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Large samples of E. coli; expressing murine 520C9 (46-1) have been 
grown at lower temperatures (23'' and 27'*C) to increase the amount of soluble 
Fab. A 10 liter sample was induced and grown at 27^*0 before the ceUs were 
collected. The periplasmic space was opened to release the soluble, secreted Fab 

5 localized to the periplasmic spac&. This material contained active, soluble Fab, as 
measured by SDS-PAGE and EUSA. The Fab obtained from the per^lasmic 
space was concentrated and analyzed before it was passed over a column of 
immobilized c-erbB-2 extracellular domain. The column was washed and then 
eluted with a high concentration of LiCl (3.5M). From one-tenth of the 

10 "periplasmic Fab", about 400 fig of Fab was recoyfefed^^ FSb that was not retained 
by the c-erbB-2 column was not active when assays by a SDS-PAGE western 
blot. 

Analysis of the murine 520C9 Fab (46-1) recovered from the affinity 
chromatography column showed essentially the identical results when compared to 
15 aproteolytically produced sample of 520C9 Fab in an ELISA assay. Therefore, 
it appears that the association constant of the recombinant Fab is the same, or 
neariy the same (within experimental error), as the Fab made from intact 520C9 
andbody produced in ascites cells. 

Example 9 

20 Assavs on Recombinant Humanized S2QC;Q Fah 

The purpose of these experiments was to determine if humanized 52GC9 
Fab expressed in E. coU is capable of binding c-erbB-2. 

Triplicate sets of uninduced and induced £. ogfi samples containing 
humanized 520C9 Fab (not refolded) were run on non-reducmg SDS PAGE and 

25 western blotted onto a membrane. Two s^ were probed with HRP-monoclonal 
anti-human ksqjpa chain or with HRP-KT3, Le., an antibody specific to the 
oUgopeptide and TPPPEPET conjugated to horse radish peroxidase. A third set 
was probed with c-erbB-2 ECD-HRP. EC3>-HRP is horse radish peroxidase 
conjugated to an antibody specific for c-eibB-2 (Nu2) ECD, an extracellular 

30 domain (ECD) of c-erbB-2 expressed in a secreted form from baculovirus infected 
SF9 insea c?ells (the Nu2 construct has the TPPPEPET polypeptide sequence 
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replacing the transmembrane domain of c-eibB-3. A number of nonspecific bands 
developed in both uninduced and induced lanes. One additional band with near the 
expected mobility for Fab may have developed only in the induced lanes, but was 
so close to another nonspecific band that it could be seen only as a widening of the 
5 lane. 

Fab fiagment generated from non-specific human IgG was bound direcdy 
to PVC microtiter wells and probed with Zymed* goat anti-humaii antibody. 
Some signal was seen, but the signal was weak at the probe dilution used on the 
humanized Fab samples. 

10 To avoid the uncertainties of using the goat anti-human probe, an ELSS^ 

was performed using wells coated with SK-Br-3 TNN cell extraa, this extnict is a 
source of cell expressed c-eTbB-2 that does not bear the KT3 tag pq)tide. The 
presence of E. coU produced Fab bound to the ceU extract was detected with KT3- 
HRP. A reassay of humanized Fab samples with this protocol showed activity in 

IS various fractions, with the highest activity in the freeze/thaw supernatant. Active 
Fab coidd not be quantitated in absolute terms for lack of a purified standard. 

Rrfolded samples containing humanized S20C9 Fab were assayed with the 
SK-Br-S TNN/KT3-HRP ELISA. Samples showed over a ten-fold increase in 
activity that occurred after 86 hours of refolding. 

20 The refolded samples were reassayed with the same EUSA after an 

additional three days refolding time. Some further increase in activity was seen, 
but the ELISA curves flattened. Some sans>les refolded for longer times showed 
less acdviQr; this could have been caused by proteolytic degradation among other 
causes. Samples from humanized clones 169-1 and 170-1 were active. 

25 Humanized 520C9 Fab from both clones (169-1 and 170-1) is active. 

Refolding can increase activity more than 10- fold. 

Biological Peposit^ 

On March 24, 1992, i^licants have dqx)sited with the American Type 
Culture CoDection, Rodcvffle, Md., DSA (ATCC) tfie plasmid pLWI87, described 
30 herdn ATCC accession no. 68942. This dq>osit was niade under the provisions 
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of th& Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the purposes of patent procedure and the Regulations 
thereunder (Budapest Treaty). This assures maintraance of a viable culture for 30 
years from date of deposit The organisms will be made available by ATCC 
5 under the terms of the Bud^)est Treaty, and subject to an agreement betwera 
Applicants and ATCC which assures unrestricted availability upon issuance of the 
pertinrat U.S. patMt. Availability of the dqx)sited strains is not to be constnied 
as a license to practice the invration in contravention of the rights granted under 
the authority of any govemmait in accordance with its patent laws, 

10 Equivalents 

All publications and patents mentioned in the above specification are hercm 
incqiporated by reference. The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the invention. Indeed, various 
modifications of the above-described modes for carrying out the invention which 
15 are obvious to those skilled in the field of molecular biology or related fields are 
intended to be within the scope of the following claims. 
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WECLAIM: 

1. An immun oglobulin comprising, a humanized variable region, 
wherein said variable lepon is a member of a functional pair of variable regions 
specific for blading to c-eihB-2, 

2. An immunoglobulin according to claim 1^ said immunoglobulin 
further comprising, at least a portion of a human immunoglobulin constant region. 

3. An immunoglobulin according to claim 2, whereii^saiS'cbnstknt 
region is a complete constant region. 

4. An immunoglobulin according to claim 2. wherein said humanized 
variable region and said constant region are of the same chain ^pe. 

5. An immunoglobulin according to claim 4, whmin said chain type is 
heavy chain. 

6. An immunoglobulin according to claim 4, wherein said chain type is 
light chain. 

7. An immunoglobulin molecule according to claim 1, wherem said 
immunoglobulin further comprises in operable combination, a leader sequence. 

8 . An immunoglobulin according to daim 2, said immunoglobulin 
further comprising in operable combination, an oligopqitide tag, wh^dn said t^ 
is joined to said constant region. 

9. A multi-polypqrtide immunoglobulin, comprising an 
immimoglobulin according to claim 1 . 
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10. A multi-polypq)tide immuDoglobulin according to claim 9, 
comprising in operable combination, 

a) a first immunoglobulin molecule comprising, a first humanized 
variable region, wherein said variable region is a member of a 
ftmctional pair specific for c-eibB-2, and 

b) a second inmiunoglobulin molecule comprising, a second humanized 
variable r^on, wherein said second variable region is a m^ber 
of the same functional pair as said first immunoglobulin variable 
region. 

11. A muW-pblypeptide immunoglobulin according to claim 10, wherein 
said first immunoglotailin molecule further comprises a first constant region, and 
said second immunoglobulin molecule further comprises a second constant region. 

12. A muM-polypq^de unmunoglobulin according to claim 11, wherein 
said first constant region of said is a heavy chain constant region, and said second 
constant region is a light chain constant region. 

13. An immunoglobulin according to claim 12, wherein said first 
variable region and said first constant region belong to the same chain class, 
wherein said second variable legion and said second consent region belong to the 
same chain class. 

14. A nmhi-polypeptide immunoglobulin according to claim 12, said 
aggregate further comprising a thei;q)eutic moiety. 

15. A multi-polypqrtide immunoglobulin according to claim 14, wherein 
said thet^)wtic moiety is selected from the group consisting of, toxins, 
radionucUdes, radio-opaque imaging compounds, enzymes, drugs, and pro-drugs. 
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16. A nucleotide sequrace, said nucleotide sequence encoding a first 
humanized vaiiable region sequrace, wherein said variable region is a member of 
a functional pair spedfic for c-^bB-2. 

17. A nucleotide seqii^ice according to claim 16, said sequence further 
comprismg at least a portion of a human constant region;, 

18. An expression vector, said vector comprising in operable 
combination, a promoter sequmce, operably joined to a nucleotide sequence 
according to claim 16. 

19. A nucleotide sequence comprising a first nucleotide sequence 
according to claim 16, a second nucleotide sequence according to claim 16, 
wheidn when the variable regions ^coded by said nucleotide sequences of form a 
functional pair spedfic for c-erbB-2. 

20. A therEq)»]tic composition comprising, an effective amount of a 
multi-polypeptide immunoglobulin according to claim 9. 

21. A cell transformed with a vector according to daim 18. 

22. A method of detecting cardnoma cells, said m^od comprising the 
step of, administering a compound acceding to claim 1 to a patioL 

23. A method of treating a cancer patient^ said method comprising the 
stq) of administering a compound according to daim 1 to said patieitf. 
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COMPLETE NUCLEOTroE SEQUENCE OF 
lUMANIZED ANTI.erbB2 520C9 Fab LW218 (H-25;L-38] 
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PRIMERS FOR INTRODUCING ANTIBODY SEQUENCES 
INTO A pBR BASED EXPRESSION VECTOR 
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